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This study seeks to demonstrate that the identification of crisis episodes based 
on commonly applied exchange market pressure (EMP) indices, namely, Eichengreen, 
Rose and Wyplosz (1995), Sachs, Tornell and Velasco (1996), and Kaminsky, Lizondo 
and Reinhart (1998) are highly sensitive to the choice of: a) the weighting scheme for 
each component of the EMP index; and b) the statistical parametric assumption used in 
the constructions of crisis thresholds. To highlight further some of the potential 
consequences of these two pitfalls in identifying crisis episodes, this paper employs a 
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I. Introduction 
One of the primary tasks of recent research on currency crises is to construct a 
single composite index that will systematically identify the presence and severity of 
currency crises or speculative attacks on a currency. Studies such as Eichengreen, 
Rose and Wyplosz (1995, 1996)---henceforth ERW, Sachs, Tornell and Velasco (1996) 
---henceforth STV, and Kaminsky, Lizondo and Reinhart (1998, 1999) ---henceforth 
KLR--- have proposed different constructions of what is now known as exchange market 
pressure (EMP) index. This indicator is usually a weighted average of the rate of 
depreciation of the local currency (mostly against the US dollar in either nominal or real 
terms), the monthly percentage changes in international reserves, and the monthly 
changes in the interest rate. 
1  
The objective of this paper is neither to construct another crises index, nor to 
conduct another study on the determinants of crises using the different approaches 
listed in Figure 1 (discrete, signalling and structural approach). We also do not intend to 
argue as to which among of the above EMP indices are the most powerful or accurate 
indicator of exchange market pressures. What we, instead, seek to demonstrate in this 
paper is that the identification of crisis episodes is highly sensitive to choice of the 
followings: a) the weighting scheme used for each component of the EMP index; and b) 
the statistical parametric assumption used in the construction of crisis thresholds.
2  
To help illustrate our arguments, the exchange market pressure indices of ERW, 
STV and KLR are constructed for two groups of countries, namely, the Latin American 
                                                 
1 As shown in Figure 1, the EMP index will eventually be employed to either directly construct a 
binary dependent variable in logit/probit models, in which case a value 1 indicates a speculative 
attack or currency crisis episode when the computed EMP index for that period exceeds or falls 
outside a certain threshold, or 0, otherwise, or, on the other hand, as a continuous dependent 
variable in a structural empirical model of currency crises. 
  
2 The level of exchange market pressure exceeding (or falling below) the threshold point signals 
an incidence of currency crises .   4
countries (Argentina, Brazil, Chile and Mexico) and the East Asian countries (Indonesia, 
Korea, Malaysia, Philippines, Singapore and Thailand) for the period of 1985-2003. As 
in previous studies, we adopt various conventional thresholds used in the literature, i.e. 
based on a certain arbitrary number of standard deviations (usually ranging from 1.5 to 
3 standard deviations) above the mean of the EMP index.
3 An important point to note as 
far as conventional thresholds is that it implicitly assumes that the EMP indices are 
normally distributed. However, based on the examination of their basic statistical 
properties, none of the EMP indices according to the groups of countries examined here 
are normally distributed.  
In view of this, to deal with the non-normality, we apply Extreme Value Theory 
(EVT) based, in particular, to the tail index estimator proposed by Huisman, Koedijk, 
Kool, and Palm (2001) ---henceforth HKKP.
4 The HKKP is employed in this study in 
order to avoid the potential problem with small samples especially encountered when 
calculating the tail index parameter using the Hill estimator (1975).
5  
Among a number of contrasting outcomes, we find that the use of three different 
weighting schemes for each component of the EMP indices leads to variations or 
                                                                                                                                                   
 
3
 Some other studies use variants of the EMP to identify currency crises by focusing only on large 
movements of the exchange rate. For instance, Frankel and Rose (1996) uses an arbitrary 
threshold of exchange rate depreciations of at least 25 percent and exceeding last year’s 
depreciation by at least 10%.  
 
4  Hardly any study has applied this methodology to the study of currency crises. A recent 
exception is by Pozo and Dorantes (2003). Their study applies EVT to identify periods of currency 
crisis for a broad cross-section of Asian, European and Latin American countries from the mid-
1960s to 1997. 
 
5 Pozo and Dorantes (2003), on the other hand, opted to pool the countries’ EMPs and estimate 
the regional values of the tail index. However, we find that the pooling of the countries’ EMPs on a 
regional basis is arguably a statistically inappropriate remedy to the small sample problem. This is 
because even during the pre-1997 financial crisis period that they covered, we can immediately 
capture the wide divergences of the mean and standard deviations of the EMP among the Asian 
and Latin American countries. For instance, Indonesia and Paraguay have total absolute values of 
the mean and one standard deviation of their EMP to be about twice as much as that of Singapore 
and Bolivia.    5
differences in identified crisis episodes for all the countries examined, and this outcome 
holds true irrespective of whether one uses the conventional thresholds or the EVT-
HKKP. In other words, in spite of the fact that the components of the EMP indices deals 
basically with the same macroeconomic variables, the three EMP indices capture 
different episodes of speculative attacks. This is one clear piece of evidence that weighs 
against the validity of using arbitrary weights in the construction of any EMP indices.  
An alternative method, which assumes away any question on the validity of 
arbitrary weights in an EMP index is by Moreno (1995). The basic approach here is to 
sequentially consider the crisis thresholds for each individual component of the EMP 
index. We repeat the same procedures of identifying currency crisis episodes as 
introduced by Moreno (1995), and compare the findings with those of the conventional 
thresholds as well as that of the EVT-HKKP.   
Although the work of Moreno (1995) addressed the pitfall of choosing arbitrary 
weights inherent in an EMP index, the method still, however, relied on the conventional 
parametric assumption to calculate its crisis thresholds. In an attempt to simultaneously 
deal with the arbitrary weighting scheme and the conventional parametric assumption, 
the Multivariate Markov-Switching VAR (MS-VAR) developed by Krolzig (1997) is 
applied to the same group of countries mentioned earlier.
6  
The outline of the paper is as follows. Section 2 will briefly review the basic 
constructions of the three most commonly used exchange market pressure indices (i.e. 
Eichengreen, Rose and Wyplosz (1995, 1996), Sachs, Tornell and Velasco (1996), and 
Kaminsky, Lizondo and Reinhart (1998, 1999)). A brief introduction of the Extreme 
Value Theory and the HKKP estimator as well as the empirical results using this 
                                                                                                                                                   
 
6 Martinez-Peria (2002) argues that the regime-switching models can ‘almost’ perfectly capture the 
speculative attacks identified by indices of speculative pressures used in the early literature, along 
with other episodes that these indices missed  (p.302).       6
approach will be discussed in section 3. The application of the Moreno approach will 
then follow in section 4. Section 5 presents and analyses the results using the MSVAR.  
The paper ends with a brief concluding section (section 6).    
 
2.  The Exchange Market Pressure Index. 
For our study, it is important to immediately underscore that a currency crisis in 
the context of an exchange market pressure is not only defined as capturing instances 
of successful attacks, i.e., when a depreciation of the currency occurs, but as well as 
instances of unsuccessful attacks (pressure rebuffed by loss in reserves and/or rise in 
interest rates) (Kaminsky, Lizondo, and Reinhart, 1998; Goldstein, Kaminsky, and 
Reinhart, 2000). The seminal idea is from the early work of Girton-Roper (1977) that any 
excess demand for foreign exchange can be fulfilled through non-mutually exclusive 
conduits. If the speculative attack (currency pressure) is successful, there is a sharp 
depreciation of the domestic currency. However, at other times, the attack can be 
repelled or warded off through raising interest rates and/or running down on the foreign 
exchange reserves.  
In doing so, a measure of the extent of currency pressure, or, an exchange 
market pressure (EMP) index can be constructed, which is a weighted average of the 
changes in exchange rate, in foreign exchange reserves, and in interest rates. The 
exchange rate is said to be under ‘stress’ (there is selling pressure) if there is a 
significant increase in the exchange market pressure index.  
The question is how to weigh the three components of the index of speculative 
pressure. An unweighted index is simpler to construct, but the major drawback is that an 
unweighted index will be driven or dominated by the most volatile variable. Next, we will 
briefly review three recent works on EMP indices that will then be employed for our   7
empirics. It should be noted here that, aside from the ERW, sections 2.2 and 2.3 
present the modified indices of KLR and STV, where we also include the interest rate 
component. The original studies did mention the need to consider the role of the interest 
rate, but due to various constraints, mostly with the interest rate data, they decided not 
to include the interest rate component.
 7 
 
2.1  Eichengreen, Rose and Wyplosz (1995, 1996). 
The exchange market pressure index of Eichengreen, Rose, Wyplosz (ERW) 
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where  t i EMP,  is the exchange rate market pressure index for country i in period t;  t i e ,  
the units of country i’s currency per U.S. dollars in period t;  e σ  the standard deviation of 













, ;  t i rm ,  the ratio of gross foreign 
reserves to money stock or monetary base for country i in period t;  r σ  is the standard 
deviation of the difference between the relative changes in the ratio of foreign reserves 






















, ;   t i i ,  the nominal interest rate for country i in period t;  t US i ,  the 
nominal interest rate for the reference country (U.S.) in period t;  i σ  the standard 
deviation of the nominal interest rate differential  )) ( ( , , t US t i i i − ∆ . 
 
                                                 
7  KLR (1999) argue that they did not include the interest rate component in their application   8
 2.2  Sachs, Tornell and Velasco (1996) 
The modified exchange market pressure index of Sachs, Tornell and Velasco (STV) 
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where  t i EMP,  is again the exchange rate market pressure index for country i in period t; 
t i e ,  the units of country i’s currency per U.S. dollars in period t;  t i r ,  gross foreign 
reserves of country i in period t;  t i i ,  the nominal interest rate for country i in period t;  e σ  
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2.3  Kaminsky, Lizondo and Reinhart (1998, 1999) 
The modified exchange market pressure index of Kaminsky, Lizondo, and Reinhart 
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because of the lack of complete interest rate data for the countries that they studied (pg.498).   9
where  t i EMP,  is again the exchange rate market pressure index for country i in period t; 
t i e ,  the units of country i’s currency per U.S. dollars in period t;  t i r ,  gross foreign 
reserves of country i in period t;  t i i ,  the nominal interest rate for country i in period t;  e σ  
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deviation of the change in the nominal interest rate,  . ,t i i ∆  
 
2.4 The East Asian and Latin American EMP indices 
All data in monthly frequencies were drawn from the IMF International Financial 
Statistics database covering the period from 1985 to 2003. We considered a number of 
countries in the two distinct regions of East Asia (Indonesia, Korea, Malaysia, 
Philippines, Singapore, Thailand) and Latin America (Argentina, Brazil, Chile, Mexico). 
The exchange rate is expressed in local currency per U.S. dollar. To avoid the issue in 
some countries of treating separately high-inflation episodes with regard to the 
construction of the exchange market pressure (EMP) indices, a measure of the real 
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8 Similar results were obtained when the nominal exchange rate is used.   10
where Pt  is the domestic consumer price index, and P
* is the U.S. consumer price index. 
An increase in RERt (real exchange rate) or NERt (nominal exchange rate) implies an 
appreciation of the U.S. dollar against the relevant local currency. 
The remaining data requirements in the construction of the exchange market 
pressure indices are as follows.  A measure of the interest rate differential is defined as 
the difference between the domestic interest rate and the U.S. federal fund rate, with the 
overnight money market rates used as the measure of domestic interest rate, except in 
the cases of the Philippines (91-day Treasury bill rate) and Chile (deposit rate). Line 11 
of the IMF-IFS database (foreign assets of the monetary authorities) was used as the 
measure of foreign exchange reserves.       
Tables 1 and 2 present summary statistics for the individual EMP indices across 
the two regional groups of countries. Tables 4-5 report the crisis incidence for each 
country in each region over the period 1985 to 2003 using the conventional method with 
an arbitrary threshold of mean plus 1.5 standard deviations for the values of the three 
EMP indices.
9 As is customarily done in currency crises studies, a six-month exclusion 
window is adopted in order to examine the sensitivity of the results and to avoid counting 
the same crisis more than once, due to the fact that crisis often lasts for over a month 
and more crises occur in successive months. The incidence of crisis (or high market 
pressure) is calculated as the percentage of the number of crisis episodes over the total 
number of observations or sample (n). 
Based on the conventional threshold, Philippines had experienced the most 
number of speculative attacks among the East Asian countries (Table 4). The KLR and 
                                                 
9 We considered different thresholds from 1.5 standard deviations to 3 standard deviations above 
the mean. On average, the highest incidences of speculative attacks were found using the 
threshold of 1.5 standard deviations above the mean. For the sake of brevity we do not report the 
full set of results. But they can be made available upon request.  
   11
the ERW methods identified 8 crisis episodes or 3.6 percent incidence rate for  
Philippines. As for the Latin American countries, Chile and Mexico were found to have 
experienced the most speculative attacks during the observation period. One additional 
note for the East Asian countries is that only a few incidences of extreme market 
pressures were reported in 1990s prior to the 1997 financial and currency crises in East 
Asia, with the possible exception of the Philippines. This finding seems to support the 
claim that the East Asian financial crisis was indeed an unforeseen event.   
 
3. The Extreme Value Theory 
Tables 1 and 2 also convey the following observations. First, in almost all of the 
countries in East Asia and Latin America, the three EMP indices are skewed to the right. 
Second, all of the three EMP indices exhibit excess kurtosis which reflects fat-
tailedness.
10 Third, the Jarque-Bera statistics are highly significant for all countries which 
further confirms the non-normality of the three EMP indices.
11  This outcome is further 
substantiated by the histogram of the EMP series for each countries overlaid by its 
corresponding normal probability density functions (Figures 2-3).
12 In all cases, it is 
obvious that the EMP indices depart significantly from the normal distribution mass of 
observations in the tails and the observed regularity of a great number of peak 
observations at the centre of the distribution. Therefore, the conventional approach of 
mean and standard deviation does not capture the true thresholds. To deal with the non-
normality of the series, the extreme value approach will be considered next. 
 
                                                 
10 Excess with respect to the normal distribution which has a kurtosis equal to 3. 
 
11 Kolmogorov-Smirnov and Shapiro-Wilk statistics further support this result. The results can also 
be made available upon request.  
   12
3.1 A Brief Introduction to Extreme Value Theory 
  As briefly discussed, we apply the tail index estimator proposed by Huisman, 
Koedijk, Kool, and Palm (2001) ---henceforth HKKP---, which is unbiased in small 
samples. The HKKP methodology starts with the commonly used Hill (1975) estimator 
where we assume that there is a sample of n positive independent observations drawn 
from some unknown fat-tailed distribution. Let the parameter γ  be the tail-index of the 
distribution, and  ) (i x  be the ith-order statistic such that  ) ( ) 1 ( i x i x ≤ −  for  . ,......, 2 n i =  
Suppose that we opt to include k  observations from the right tail in our estimate. Hill 
(1975) proposed the following estimator for γ : 
 









− − + − = ∑
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γ      (5) 
 
where: k  is the pre-specified number of tail observations. Naturally, the choice of k  is 
crucial to obtain an unbiased estimate of the tail-index. 
  HKKP (2001) shows that for a general class of distribution functions the 
asymptotic expected value of the conventional Hill estimator to be biased and increasing 
monotonically withk . Similarly, the asymptotic variance of the Hill estimator to be 









 Generally, this problem will only be resolved when the sample size 
goes to infinity for givenk . 
  For our small sample observations, HKKP (2001) introduces an estimator that 
overcomes the problem of the need to select a “single” optimal k  in small samples. 
HKKP (2001) proposes that for values of k  smaller than some threshold value κ , the 
                                                                                                                                                   
12 Again for the sake of brevity, only the ERW results are reported. The histograms for the STV   13
bias of the conventional Hill estimate of γ  increases almost linearly in k  and can be 
approximated by: 
 
) ( ) ( k k k ε β γ γ + + = ,   κ ,...., 2 , 1 = k     (6) 
 
where  ) (k ε is a disturbance term.  HKKP (2001) also shows that the modified Hill 








. Accordingly, for our 
empirics, we propose to compute  ) (k γ  for a range value of k  from 1 to κ  (roughly 









  To estimate Equation (6), HKKP(2001) adopt the Weighted Least Squares 
(WLS), instead of the Ordinary Least Squares (OLS), to deal with the potential 
heteroscedasticity in the error term  )) ( ( k ε . The weight has ( ) k ,...... 2 , 1  as diagonal 
elements and zeros elsewhere. The estimate of γ from the WLS regression is unbiased 
estimate of the tail-index.  
 
3.2 Empirical Findings 
A preliminary step in proceeding with extreme value analysis is to examine the 
unit-root property of the three EMP indices. Tables 3 and 3B present the combined 
results from the commonly used ADF unit root test as well as from alternative unit root 
tests the DF-GLS and the KPSS tests. In all, the three EMP indices for all countries 
are I(0) variables at the 1 per cent significance level according to the ADF test. 
Confirmatory results from the DF-GLS test and the KPSS unit-root test generally show 
                                                                                                                                                   
and the KLR can again be made available upon request.   14
that the EMP indices are stationary at the 10 percent significance level or even stronger. 
In addition, we also report the Ljung-Box Q-statistic test with the null hypothesis of no 
autocorrelation. In general, we cannot reject the null hypothesis for the rest of the 
countries listed in our study.
13    
In order to capture the tail mass or outliers it is mandatory to estimate the so-
called tail index (γ ), and as earlier mentioned, we use the Hill estimator for this 
purpose.
14 The Hill estimator requires that the EMP series are rank-ordered from lowest 
to highest denoted as (xi), and uses maximum likelihood estimation of the tail index (γ ). 
Although asymptotically unbiased, the Hill estimator is biased in relatively small 
samples.
15  
In accordance with the suggestion of HKPP (2001), to deal with the estimation of 
the tail with a small sample size, we use equation (6) in estimating a weighted least 
squares (WLS) regression for the individual EMP indices across all countries, after 
computing the γ (k) for a range of values of k.
16 The essence is to identify the right-tail 
outliers or ‘extreme value’ observations since the right-tail distribution of any EMP index 
ordered distribution will automatically determine the number and incidence of currency 
pressure episodes that individual countries experienced. Accordingly, Diebold, 
Schuermann, and Stroughair (DSS) (2000) suggested, similarly employed by Pozo and 
Dorantes (2003), that recursive residuals be derived from the weighted least squares 
                                                 
13 The test results for the Ljung–Box Q-statistics tests can also be made available upon request. 
 
14 γ  also equals 1/α , where α  refers to the maximum number of existing finite moments.  As is 
customary in the literature, the tail index is either referred to as γ  or α , it is used here 
interchangeably.     
 
15 In a related paper, Pozo and Dorantes (2003) faced with a similar small sample size opted to 
pool the EMP values in each region and estimate a regional α  with the much larger number of 
observations. However, as emphasised earlier, due to the wide divergence in the mean and 
standard deviation of each country’s respective EMP indices, it is implausible to assume 
conformity in the distribution of the EMP indices across the individual countries. 
   15
regression to diagnose structural change which will guide us in the selection of the 
optimal k.  
Figures 4 and 5 depict the recursive residuals based on the ERW-EMP index 
across each country in both regions.
17 The recursive residuals are plotted against the 
bandwidth of plus and minus two standard errors, and examination of the recursive 
residuals in relation to the standard errors captures the period of instability, generally, 
starting at the right-hand side of the plots. When we consider the empirical distribution 
of the individual ordered EMP indices, the apparent break around the right-hand side of 
the recursive residual plots appropriately correspond to the optimal choice of k, or 
equivalently, the number of ‘extreme’ or right-tail observations have now been identified.  
  As before, we apply a six month exclusion window for the currency crisis 
identified using the EVT-HKKP. It is clear that using an alternative approach such as an 
EVT-HKKP leads to more incidence of crises episodes identified compared to the 
standard approach in the literature (Tables 4-5). For the case of Argentina, for instance, 
as much as more than ten times as many episodes of crisis were captured by the EVT-
HKKP approach as against the conventional approach.   
  The EVT-HKKP is able to capture the debt crisis of the 80s in the four Latin 
American countries (Tables 6-7). Meanwhile, with respect to the crisis episodes of the 
1990s, the three EMP indices are also able to capture the so-called Mexican peso crisis 
of 1994-1995; the East Asian currency crises of 1997-98 involving Indonesia, Korea, the 
Philippines, Malaysia, and Thailand; the Brazilian crisis of 1999; and, more recently, the 
2001 crisis in Argentina. 
                                                                                                                                                   
16 The WLS results are not reported here, but they can be made available upon request.   
17  We also have the figures of the recursive residuals based on the STV and the KLR EMP 
indices, and they can also be made available upon request. 
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Based on the average of the incidence rates, the currencies of the Latin 
American countries had generally experienced more attacks than those of the East 
Asian countries. However, contrary to the findings based on the conventional thresholds, 
the East Asian currencies were under attacks for various years prior to the outbreak of 
the 1997 financial crises. The EVT-HKKP results also indicate that, on average, the 
Singapore dollar, not the Philippines peso as suggested earlier by the conventional 
approach, was the most frequently attacked currency during the sample period. In the 
case of Latin America, it was, on average, the Chilean peso that had experienced the 
most attacks. This latter finding is consistent with that of the conventional approach. 
   
4. Moreno Approach 
In addition to the general findings discussed above, the empirical results 
demonstrate the fact that despite each of these three EMP indices are based on the 
same or common macroeconomic variables, they reported varying episodes of currency 
crisis. This particular assessment highlights the potential flaw with the use of any 
arbitrary weighting schemes as far as the components of the EMP indices. In this 
section, we introduce an alternative approach introduced by Moreno (1995) that avoids 
this issue of arbitrary weights.  
 
4.1 A Brief Review of Moreno methodology 
  Under this method, separate arbitrary bands or thresholds were to be 
constructed for each indicator of market pressure and observations falling outside these 
thresholds were treated as currency crisis episodes.
18 Moreno (1995) constructed a 
                                                 
18 It should be noted that in his paper, Moreno is concerned with both episodes of depreciation 
and appreciation episodes, i.e., speculative pressures. However, in this paper we are only 
concerned with depreciation or currency crisis episodes.    17
conventional threshold of mean and 1.5 standard deviation. More specifically, changes 
in the exchange rate that fall outside its corresponding threshold were first selected as 
currency crisis episodes. Then from the remaining or non-selected observations, 
changes in foreign reserves that fall outside its corresponding threshold were selected 
next, and the procedure is completed by adding changes in the interest rate that fall 
outside of its corresponding threshold as currency crisis episodes.
19 The Moreno 
method also uses exclusion windows and proceeds in such a way as to give first priority 




4.2 Empirical Findings 
In general, the Moreno approach reported more incidences of currency crises 
than the conventional approach for the two groups of regional economies (Tables 4-5). 
Furthermore, almost the same incidence rates of extreme market pressures are 
reported by the EVT-HKKP and the Moreno approach for the case of the East Asian 
countries, with the case of Philippines as an obvious exception. In late 1980s and early 
1990s, the Philippines saw a worsening in both trade deficit and energy crisis coupled 
                                                                                                                                                   
 
19 Since the paper is only concerned with depreciation or currency crisis episodes, as defined by 
Moreno (1995), only instances where observations in changes in the exchange rate were outside 
the threshold and above zero, or if the observations in changes in the exchange rate were inside 
the threshold but the changes in foreign reserves were outside its corresponding threshold and is 
negative, or if neither the changes in the exchange rate and foreign reserves are outside of its 
thresholds but the changes in the interest rate were outside of its corresponding threshold and is 
positive, are deemed relevant for this paper.    
 
20 To be more precise, changes in the exchange rate, foreign reserves and interest rate that were 
outside their respective thresholds were not treated as currency crisis episodes if they were within 
the designated exclusion window that were already identified as a large movement in the 
exchange rate. Likewise, changes in foreign reserves and interest rates that were outside their 
respective thresholds were not treated as episodes if the designated exclusion window that 
followed included an episode previously identified by the exchange rate. In turn, changes in 
interest rates that fall outside its corresponding threshold were dropped if the designated 
exclusion window that followed included an episode previously identified by foreign reserves.     18
with domestic political instability, triggered extreme or high exchange market pressures 
on the Philippines peso. Some of these events were not reported by the Moreno 
approach. Nonetheless, confirming the earlier finding by the EVT-HKKP, the Moreno 
approach indicates that the Singapore dollar had experienced the most attacks among 
the East Asian currencies examined. In contrast to the finding of the conventional 
approach, the Moreno approach finds the Philippine peso to be under the least number 
of attacks. 
Furthermore, the Moreno approach consistently reported a substantially less 
number of crises incidences for the Latin American countries than the EVT approach. 
Particularly for the case of Argentina, the Moreno Approach, as in the conventional 
approach, reported only less than 2 percent of incidence rates of extreme market 
pressures, compared to an average of 7.1 percent for the EVT results (Table 5). The 
Moreno approach did not report any incidence of currency crises from 1985 to 1989 and 
from 1990 to 2002 (Table 7). Supporting the findings of the conventional and the EVT 
approach, the Moreno approach finds the Chilean peso to have experienced the most 
number of attacks during the sample period. 
 
5. Markov-Switching VAR 
  As with the results when using the three versions of EMP indices (ERW, STV 
and KLR), the results using the Moreno approach are also sensitive to the choice of the 
statistical thresholds. In light of this, we next apply the Multivariate Markov-Switching 
VAR (MS-VAR) using the three individual components of an EMP index. Consistent with 
the Moreno approach, the MS-VAR methodology requires no arbitrary weighting 
scheme. Furthermore, the selection of the threshold is based on the smooth 
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probabilities of using two states or regimes of low and high market pressures, which 
were endogenously generated from a maximum likelihood estimation of the multivariate 
MS-VAR. 
 
5.1. Basic Frameworks 
  The Markov Switching VAR, or simply, MS-VAR, developed by Krolzig (1997) is 
a multivariate version of the univariate Markov regime-switching model introduced by 
Hamilton (1988, 1989). The general idea behind the MS-VAR is that the parameters of a 
VAR process may not be time-invariant, as assumed by linear models, but are time-
varying. More precisely, the parameters may be time-invariant as long as a particular 
regime prevails, but change once the regime changes.  
  The regime-generating process determining which regime st prevails at any point 
in time, is assumed to follow an ergodic Markov chain with a constant transition 
probability pij of the form:  





ij p               } 2 , 1 { , ∈ ∀ j i                     (7) 
  At the same time, the data generating process of the MS-VAR process can be 
considered as a generalisation of the basic finite order VAR model of order p, and can 
be written in its general form as: 
t t p t t p t t t t u s y s A y s A s y ) ( ) ( ... ) ( ) ( 1 1 Σ + + + + = − − υ                 (8) 
  The parameter shift functions ν (st), A1(st),….,Ap(st), and Σ (st) describe the 
dependence of the parameters on the realised regime st, for example: 
 
   if  st = 1,  
 






















   if  st = K 
 
 
     In other words, regime switches can have four separate origins: shifts in the 
intercepts (v), in the autoregressive coefficients A, in the mean, and in the error variance 
∑ t u (for heteroscedastic errors). For empirical applications, it is often useful to use a 
model where only some of the parameters are conditioned on the state of the Markov 
chain, while the other parameters are regime-invariant (Krolzig, 1997).    
  Consequently, in this paper to identify speculative attacks, the behaviour of the 
three components of market pressure, i.e, changes in exchange rate (∆ et), foreign 
reserves (∆ rest) and interest rate (∆ rt) were modelled as switching in autoregressive 
coefficients A, and in the error variance ∑ t u  and letting yt = (∆ et, ∆ rest, ∆ rt)’ have the 
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∆  are i.i.d. N(0,1) variables and the superscripts ∆ e, ∆ res, ∆ r 
indicate the equation to which the parameters belong. Maximum likelihood estimation of 
equation (10) yields the ‘smoothed probabilities’, which represents the ex post inference 
about the system being in regime i at date t.  Furthermore, an observation is assigned to 
regime 1 if Pr(st = 1∆ yt)  > 0.5, and to regime 2 otherwise.  
 
                                                 
21 In the empirical estimations, we also tried other combinations of switches such as switches in 
the mean and error variance and switches in the intercept and error variance. However, we 
obtained results that were not at all different from the one reported below, most especially as far 
as the episodes of speculative attacks or currency crisis.     21
5.2 Empirical Findings 
  A set of contrasting conclusions on the incidences of extreme or high market 
pressures can be extracted from the MS-VAR approach. While the results of the MS-
VAR approach for the East Asian economies list more speculative attacks against the 
regional currencies in general than those reported by the conventional approach, the 
same conclusion cannot, however, be said for the case of the Latin American 
economies. Hence, our overall findings here do not seem to support the claim of 
Martinez-Peria (2002).
22 
The MS-VAR approach finds the Philippines peso to be the most crisis-affected 
currency. For the Thai baht, the MS-VAR, like the conventional approach, reports only 
five episodes of extreme market pressures. The year 1995, when the Thai baht was 
under high market pressures due to high current account deficit, was visibly missing 
from the MS-VAR approach.  
Among the Latin American currencies, the Mexican peso is found to have 
experienced by far the most attacks according to the MS-VAR approach. For Brazil and 
Chile, the MS-VAR only reported at most three episodes of currency crises. While the 
EVT-HKKP and the Moreno approach found a number of incidences of currency crises 
in Chile especially during the period of the 1990s, the same cannot be said as far as the 
MS-VAR results for Chile as it only reports a single incidence of currency crisis between 
the period of 1990 and 2003 (Tables 7). More or less the same analyses can be 
generated for the case of Brazil. In the case of Argentina, we failed to find convergence 
in the MS-VAR maximum likelihood estimation.  
   
6. Brief Concluding Remarks 
                                                 
22  See footnote #6.   22
The last two decades have witnessed an increasing frequency of speculative 
attacks and currency crises in both developing and developed countries. Perhaps due to 
further acceleration in the openings of the capital accounts in various parts of the world 
as well as the intensification in integration of global financial markets, which were greatly 
facilitated by the increased appetites of countries to economic reforms and the vast 
improvement in technology infrastructures, uncertainties and recurrent volatilities in the 
financial and currency markets will likely continue to rise and to pose further challenges 
for policy makers. Efforts in arriving at reliable leading indicators of extreme market 
pressures, have visibly become more active during the recent years, especially more so 
in the aftermath of the 1997-1998 East Asian crisis. This study hopes to contribute in 
this effort by highlighting a number of key findings.    
 First, two fundamental shortcomings of the commonly applied EMP indices, 
namely, the ERW, STV and KLR, need to be highlighted here again. The first one is with 
the arbitrary weighting schemes used in the construction of such EMP indices, and the 
other is with the empirical validity of the statistical parametric assumption used in the 
construction of conventional thresholds for identifying crises.  
Second, the identification of the extreme market pressures is also highly sensitive 
to the techniques employed. In addition to the standard usage of EMP-based indices of  
ERW, STV and KLR, this study employs a number of alternative approaches, namely, 
the Moreno approach, the Extreme Value Theory-HKKP technique and the MS-VAR in 
identifying incidences and episodes of currency crisis. We find that the results vary from 
one approach to another.   
One important lesson that comes out of these conclusions is that there is no single   
approach that can be clearly considered as far superior to other alternatives. This 
begets a not so encouraging point that the second best option is to consider different   23
constructions of an exchange market pressure (weighted and/or unweighted) and using 
the various available tools or techniques in identifying currency crisis episodes. More 
importantly, the identification of different episodes of currency crises should significantly 
influence the outcomes of the studies on early warning systems, and may provide 
explanation as to the not so desirable or mixed performance of these models of early 
warning systems.
23   
                                                 
23 See, for instance, Edison (2003) and Berg, et al (2004).   24
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Table 1 
Descriptive Statistics of Individual EMP Measures 
 
 Mean  Standard 
Deviation 
Skewness Kurtosis Jarque-Bera 
Statistic 
East Asia          
          
Indonesia          
ERW 0.00  1.34  1.08 18.46  2253.828* 
KLR -1.00  9.71  1.17  27.10  5448.91* 
STV 0.65  5.56  5.35  50.99  22459.28* 
          
Korea          
ERW -0.12  1.97  1.98 21.48  3302.40* 
KLR -1.05  6.22  1.66  18.24  2272.20* 
STV 0.23  1.64  6.21  66.93  39583.66* 
          
Malaysia          
ERW 0.06  1.97  -1.23  15.71  1550.91* 
KLR -0.45  4.61  -0.78  16.91  1837.17* 
STV 0.21  0.81  0.50  10.35  515.47* 
          
Philippines         
ERW -0.10  2.02  0.14 10.73  552.89* 
KLR -0.43  4.58  -0.22  10.35  508.09* 
STV 0.19  1.56  1.45  9.03  419.05* 
          
Singapore         
ERW -0.07  1.96  0.11 10.37  503.22* 
KLR -1.15  2.83  -0.06  6.75  131.93* 
STV    0.24  0.54  -0.42  10.25  499.54* 
          
Thailand          
ERW -0.06  1.61  1.43 11.17  693.05* 
KLR -0.86  4.17  1.30  11.08  675.49* 
STV 0.35  2.07  2.29  24.57  4559.03* 
Note: ei,t is measured as the real exchange rate. 















Descriptive Statistics of Individual EMP Measures 
 
 Mean  Standard 
Deviation 




        
          
Argentina          
ERW -0.05  1.47  -0.13  48.40  19070.25* 
KLR -4.33  24.45  -1.83  45.22  16836.93* 
STV 3.64  20.88  4.31  43.16  15884.13* 
          
Brazil          
ERW 0.04  1.77  3.37  38.93  12364.5* 
KLR  -12229  32054.85 0.81  40.70  13351.25* 
STV 16.20  32.37  4.36  30.21  7655.06* 
          
Chile          
ERW -0.04  1.50  0.41  14.91  1317.18* 
KLR -0.87  3.79  0.64  11.10  631.26* 
STV 0.52  2.15  1.29  9.30  435.35* 
          
Mexico          
ERW -0.14  2.15  1.24  18.16  2182.23* 
KLR  -0.97              7.74  1.11  19.21  2508.48* 
STV -0.55  4.37  1.11  19.29  2544.13* 
Note: ei,t is measured as the real exchange rate. 
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Table 3 
Unit Root tests for the Individual EMP Measures 



























East Asia          
          















*** 0.076  0.077 
          















*** 0.036  0.034 
          
Malaysia          
ERW -14.190
*** -14.165
*** -1.439  -2.838
* 0.046  0.044 
KLR -12.952
*** -12.951
*** -1.537  -2.979





*** 0.054  0.040 
          










*** 0.250  0.049 
STV -12.042
*** -12.017
***    -1.098   -2.533  0.048  0.047 
          





*** 0.125  0.092 
KLR -11.821
*** -12.040
***     -1.400  -9.509





*** -1.432  -11.455
*** 0.126  0.060 
          





** 0.138  0.027 
KLR -9.649
*** -10.027






*** 0.065  0.033 
Notes: ei,t is measured as the real exchange rate. 
***, 
**, 
* indicate rejection of the null hypothesis at the 1%, 5% and 10%,         
respectively. 
           
a The ADF/DF-GLS procedure test the null that H0:  yt ~ I(1) against the 
alternative Ha: yt ~ I(0).  
b The KPSS procedure test null that H0:  yt ~ I(0) against the  
    alternative Ha: yt ~ I(1).  
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Table 3B 
Unit Root tests for the Individual EMP Measures 





























        
          


















         




















         
















*** -0.976  -2.782
* 0.488  0.078 
         















*** 0.068  0.044 
 
Notes: ei,t is measured as the real exchange rate. 
***, 
**, 
* indicate rejection of the null hypothesis at the 1%, 5% and 10%,       
respectively. 
                 a The ADF/DF-GLS procedure test the null that H0:  yt ~ I(1) against the alternative 
Ha: yt ~ I(0).  
b The KPSS procedure test null that H0:  yt ~ I(0) against the  
    alternative Ha: yt ~ I(1).  
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Table 4: Number of monthly episodes of crises and incidence of crises (East Asian sample) 
Notes:  crisis episodes are based on a 6-month exclusion window. Incidence is calculated by dividing the number of episodes with the number of 
observations (n) (and then multiply by 100). The market pressure variables are the changes in exchange rates, foreign exchange reserves and interest 
rates. n/a (not applicable). 
   31
Table 5: Number of monthly episodes of crises and incidence of crises (Latin American sample) 
Notes:  crisis episodes are based on a 6-month exclusion window. Incidence is calculated by dividing the number of episodes with the number of 
observations (n) (and then multiply by 100). The market pressure variables are the changes in exchange rates, foreign exchange reserves and interest 
rates. n/a (not applicable). * no convergence achieved.   32
Table 6: Crisis Episodes (East Asian sample) 
 
Notes: The actual dates of the crisis episodes were based on a 6-month exclusion window. The market pressure variables are the changes in exchange 
rates, foreign exchange reserves and interest rates. Table 7: Crisis Episodes (Latin American sample) 
 
Notes: The actual dates of the crisis episodes were based on a 6-month exclusion window. The market pressure variables are the 
changes in exchange rates, foreign exchange reserves and interest rates.  * no convergence achieved.   34
Figure 1 : Approaches in building leading indicator models of currency crises 
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                  choice  approach                 approach 










Source:  Chui (2002). 
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Figure 2  Histogram of Country EMP (ERW) Measures and Corresponding Normal Probability Density Function (East Asia)
































































































































Figure 3 Histogram of Country EMP (ERW) Measures and Corresponding Normal Probability Density Function (Latin America)






















































































(a) with ei,t measured as the real exchange rate
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Figure 5 Recursive Residuals for Latin America using ERW as the EMP Measure
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